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 Abstract: Measurements were made of the OI-6300A line intensity in the subtropical 
airglow anomaly with a scanning photometer at  Miyako-Jima in the Ryukyu Islands. 
Time-variations in the observed intensities are found to be quite consistent with 
the theoretical results calculated from the ionospheric parameters on the basis of the 
dissociative recombination of  01  . This leads to a conclusion that the dissociative 
recombination process in the ionospheric F region plays a dominant role in the oxygen 
red lines emission also in the subtropical anomaly.
1.  Introduction 
   The night  airglow lines at 6300A and 6364A are known to be emitted through the 
transition from  ID to the ground states of atomic oxygen. At temperate latitudes, it is 
generally considered that oxygen atoms excited to the  1D state are produced 
predominantly through the dissociative recombination of  Ot. On the basis of this 
process in a thermospheric model in which the exospheric temperature is a varying 
parameter, Markham et  al. (1975) tried to account for the enhanced  01-6300A nightglow 
observed in the subtropical regions known as the Appleton anomalies. They found 
a pronounced correlation between observed intensities and estimated values by 
changing the exospheric temperature to some extent. 
   The purpose of our observation was to obtain a morphology of the absolute 
intensity of the  OI red line in the subtropical arc. In this paper, a description is also 
given of the estimation of the red line intensity by employing the temperature-dependent 
rate coefficients.
2. Observation 
   The observation of the  01-6300A absolute intensity was carried out with the 
scanning photo-electric photometer and its instrumental parameters are given in 
Table 1. The absolute calibration is performed with a low-brightness standard lamp 
which is traceable to the GO standard lamp at Tokyo Astronomical Observatory. Fig. 1 
shows the experimental system employed in our observation. 
   Since December, 1977, observations were made at  Miyako-  Jima (125.4°E, 24.7°N; 
geomagnetic  193.5°,+ 13.6°) for five selected periods covering the four seasons. 
Assuming the emission layer to be at an altitude of 250 km, Fig. 2 shows the areas 
viewed from  Miyako-  Jima at different zenith angles.



















  Fig. 
Table 1
1 Block diagram of the scanning photometer system.  
. Characteristics of the photo-electric scanning photometer
Parameters Characteristics
Field of view 
Passband (parallel light) 
Back ground wavelength monitored 
Other lines measured 
Photomultiplier 




3° full angle 
25A (at 6300A) 
5750A (passband 50A) 
5577A, 5895A 
HTV R374 (1000  D.C.V. supplied) 
about —20°C 
about 5% 
 0°---80° zenith angle in 16 azimuths 
4 secouds for each
3. Estimation of the Red Line Intensity from Ionospheric Parameters 
   As mentioned earlier, it is generally conceived for the mid-latitude nightglow that 
the dominant mechanism for giving rise to the  OI red line emission is the dissociative 
recombination of  OZ 
             OZ  +  e  0(1D)  +  0  , (1) 
in which  0: is created through the ion-atom interchange reaction, 
 H-  02  0  +  0:  . (2) 
The rate  coefficients are taken to be  ch=1.06  x  10-5  Te-0•7cm3 sec-1 (Mehr and Biondi, 
1969) for reaction (1) and  k1=3.4  x  10-10Tn-o.  48cm3  sec-1 (Smith and Fouracre, 1968; 
Dunkin et  al., 1968) for reaction (2). Here, the electron temperature,  T„  concerned is 
assumed to be 1000K and the temperature of the neutral atmosphere,  T„, is adopted 
from the model atmosphere (CIRA, 1965). Because of the extremely long lifetime 
 (110sec) of  0(1D), quenching processes among which the process, 
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                      Fig. 2 Scanning area viewed from Miyako-Jima. 
plays a dominant role in controlling the emission rate have to be taken into account. 
Here, the quenching coeficient, k3, for reaction (3) is taken to be 9 x 10-n-cm3  sec-' 
(Noxon, 1970). 
   Assuming the chemical equilibrium, the rate of excitation to  0('D) ,  Ex, is given by 
 Ex=  Rk[02]  [0+]  , 
where  [02] and  [0+] denote the concentrations of  02 and  0+, respectively, and R is 
the probability that an oxygen atom is excited to the  'D state through the process (1). 
This paper assumes that  R=1.0 according to Zipf (1970). Further ,  [0+] is estimated 
from the electron density by F[e], where F is the fraction of  [0+] of the positive ions 
and given by
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 F (1+  k1  [02]  +                                k2[N2] )-1
 ax[e]a2 
In the above expression,  k2 and  a, are the rate coefficients for the ion-atom interchange 
reaction of  0+ with N2, and for the dissociative recombination of  NO+, being given by 
 k2=2  x  10-12cm3  sec-1 (Fite, 1969) and  0/2=1.2  x  10-4Te-lcm3  sec-1 (Biondi, 1969), 
respectively. Then denoting by P the probability that an excited oxygen atom in the 
 ID state yields an photon at  A6300A in a transition to the ground state , the volume 
emission rate  tb is given  by 
 PRk1F[02]  [e]  .
The probability,  P, is studied by Chamberlain (1961) and given by 
 P  —  A6300   A  
6300  +A  6364  +  k3[N2] 
where the  AA's are the Einstein probabilities. Then the column integration of  t,l; gives 
the red line intensity observable on the ground. Because of quite low values for P in 
the region below 200 km and the exponential decreases in  [02] and  [e] in the region 
above the F2 peak, the 6300A intensity in Rayleigh is given essentially by 
                                                  500km 
 I  (6300)  = 1,dz  10/200km 
where the altitude z is measured in km. The neutral species densities,  [02] and  [N2], 
are adopted from the model atmosphere (CIRA, 1965) which takes into account the 
geomagnetic and solar activity effects, as well as the temporal variations. The vertical 
profile of the electron density distribution is determined with the ionospheric parameters 
observed at Okinawa Radio Waves Observatory. As shown in Fig. 3, the assumption 
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               Fig. 4 Calculated profile of the 6300A volume emission rate. 
below the altitude of  zmax--1-1.5H0 and by an exponential function for the region above 
Here the F2-peak altitude,  zma„, is assumed to be given by  h'F+2H 0,  H. being the 
scale height for atomic oxygen. Then, 
            [e]  =  [e]max exp  1 1 —                        21 Z—Zmax                                     H0ax— exp (— z )                                         . 
for  zzmax+  1.5H0  , and 
 [e] = 0.7[e]max exp(—z—zmax-1.5H,,  2H. 
for  z>  zmax+1.51/. (Seddon, 1963), where  [e]max is the maximum electron density . For 
example, Fig. 4 illustrates the profile of [e] at  1911 L.T. on October 1, 1978. In the 
figure, also are given the distributions of  [02], and [N21, the estimated excitation rate of 
atomic oxygen to the  ID state, and the resultant volume emission rate of the red line. 
4. Comparison of the Estimated Intensities with Observations 
   In Fig. 5, observed red line intensities and theoretically estimated values are given 
by dots and the solid lines, respectively, for each of the four seasons. Assuming the 
grazing altitude to be 150 km for the EUV radiation from the sun, the sunrise and the 
sunset at the altitude of 400 km are expected when the solar zenith angle (SZA) is 106°. 
So the times at which SZA is 106° are marked in the figures by solid arrows. Photo-
electrons from the geomagnetically conjugate region of the ionosphere may possibly 
contribute to the red line emission with which we concern. Therefore, the times at 
which the solar zenith angle at the conjugate point (CSZA) is 106° are also marked by 
hollow arrows. During periods when SZA or CSZA is less than 106°, extremely 
intense emissions of the red line is largely attributed to the dayglow mechanism . 
During night hours, however, when both SZA and CSZA exceed 106°, one can see
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5. Conclusion 
   A fairly good agreement hasbeen foil 
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